Objectives: The study aims to develop a short form of the compulsive internet use scale (CIUS), which can be used in multitopic and general population health surveys and is invariant across different sexes, linguistic regions, and ages. 
2015) in the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5®; American Psychiatric Association [APA], 2013).
Internet gaming disorder was added to the DSM-5 under the category of potential disorders needing further research and clinical experience before inclusion as an official disorder. Gaming disorder will be included in the revision of the International Classification of Diseases, 11th Edition.
Addicted internet users may experience similar symptoms to those traditionally felt in substance use disorders (Kuss & Griffiths, 2012; Kuss, Shorter, van Rooij, Griffiths, & Schoenmakers, 2014; Widyanto & Griffiths, 2006) , which was strengthened by neuroscience (Brand, Young, & Laier, 2014; Kuss & Griffiths, 2012; Park, Han, & Roh, 2016) . There is also increasing criticism of the use of concepts like withdrawal and tolerance for behavioral addictions Starcevic & Aboujaoude, 2017) . Internet is a medium and the excessive behavior (internet addiction) is the response to specific content or activities (Davis, 2001; Davis, Flett, & Besser, 2002; Griffiths, 2000; Kardefelt-Winther, 2017; Weinstein & Lejoyeux, 2010; Yellowlees & Marks, 2007) . Nevertheless, even critics of an internet disorder do not deny the internet's addictive features, which may lead to negative consequences. It therefore makes sense to screen for problematic internet use (PIU).
Due to the lack of consensus about any theoretical criteria and definitions of PIU, there is a large number of instruments measuring the behavior. Laconi, Rodgers, and Chabrol (2014) counted 45 tools for assessing internet addiction. Many were specialized PIU tools (e.g., gaming) or not psychometrically tested. The compulsive internet use scale (CIUS) is a general internet problem scale and one of the best-validated instruments (Breslau et al., 2015; Laconi et al., 2014; Lortie & Guitton, 2013) . The CIUS has been shown to be unidimensional with high internal consistency (Dhir, Chen, & Nieminen, 2015; Dhir, Chen, & Nieminen, 2016) . A few studies have found more than one dimension (Alavi, Jannatifard, Eslami, & Rezapour, 2011; Yong, Inoue, & Kawakami, 2017) , probably due to reliance on the Kaiser criterion (Kaiser, 1970) , which overestimates the number of dimensions.
As with other PIU scales-at 14 items-the CIUS is relatively long.
There is a need for a shorter instrument for inclusion in general health surveys, like the Swiss Health Survey, where many health topics are assessed simultaneously. The present study was mandated by Switzerland's Federal Office of Public Health to derive a valid short form consisting of fewer than 10 items for future inclusion in Swiss Health Surveys.
Short forms have the advantage of reducing participants' fatigue, frustration, and boredom (Robins, Hendin, & Trzesniewski, 2001 ). Short instruments or scales can improve assessment by reducing response time and effort, minimizing burden, decreasing fatigue effects, and thus increasing response rates and representativeness (Dodeen & Al-Darmaki, 2016 ). Short, high-quality instruments are ideal for large surveys (Green & Frantom, 2002) and can often measure constructs well when they retain acceptable psychometric properties (Thalmayer, Saucier, & Eigenhuis, 2011) . Methods like item response theory (IRT), which allows the selection of items providing the maximum information within a specific trait range along the underlying latent dimension, can be used to produce precise and relatively brief instruments (Edelen & Reeve, 2007) , which can be even more reliable than corresponding longer tests (Embretson & Reise, 2000) .
To the best of our knowledge, there are two short forms of the CIUS. One was developed in French by Cartierre, Coulon, and Demerval (2011) , but only used a small sample (n = 289) of adolescents (mean age = 13.8). Hence, no information on adults is available for that short form. Moreover, they used nine items based on the error correlations between items found by Meerkerk (2007) . There was no psychometric development of a short form, but only an empirical testing of a preassumed short form. In Germany, Besser et al. (2017) validated five-item and seven-item short forms against a clinical interview using DSM-5 criteria with the Munich-Composite International Diagnostic Interview (Wittchen et al., 1995) . They used two high-risk group samples, namely, (a) job-seekers from an employment agency and four unemployment offices and (b) positively screened young people from two vocational schools. Thus, this sample was not representative of the general population either.
The CIUS has been shown to be relatively sex and age invariant (Guertler et al., 2014; Meerkerk, Van Den Eijnden, Vermulst, & Garretsen, 2009; Yong et al., 2017) . Furthermore, Switzerland requires an instrument, which is invariant concerning its culturally distinct linguistic regions (there are three official main languages as follows: German, French, and Italian). As indicated by Van de Vijver and Poortinga (1997) , even if an instrument shows excellent properties in separate assessments in different societies/cultures, this is not a sufficient condition for valid cross-cultural comparison: tests for invariance must be done jointly in one sample. The present study sought to develop a short form of the CIUS using two general population samples (learning and validation samples), which is invariant as regards age, gender, and linguistic region. 
| Learning sample and validation sample
The short form was developed using the 2013 sample as a learning sample and was then independently tested using the 2015 sample as the validation sample.
| Instrument
The CIUS consists of 14 items (Table 1 ) with a 5-point Likert-type scale from 0 (never) to 4 (very often). According to Meerkerk (2007) , the CIUS represents five dimensions of compulsive internet use: conflict (Items 3, 8, 10, and 11), coping (Items 12 and 13), loss of control (Items 1, 2, 5, and 9), preoccupation (Items 4, 6, and 7), and withdrawal symptoms (Item 14). Part of the strategy to develop a short form involved retaining at least one item per dimension, which logically resulted in retaining Item 14. We used the French version developed by Khazaal et al. (2012) together with the German version developed by Guertler et al. (2014) and slightly adapted them to make them more comparable with the English version. The Italian version was based on these French and German versions and was translated by two bilingual native Italian speakers.
It was back translated by bilingual native French and German speakers.
Minor discrepancies between translation and back translation were resolved by discussions among the group of three translators.
| Statistical analysis strategy
The statistical analysis strategy is summarized in Figure 1. 
| Unidimensionality
Unidimensionality is a prerequisite for constructing a single scale, particularly in IRT. We tested unidimensionality using classic test theory methods assuming an interval scale level of measurement and using probabilistic test theory assuming an ordinal level of measurement.
For classic test theory, we estimated each item's measure sampling adequacy (MSA) and the corresponding overall Kaiser-Meyer-Olkin criterion for the total test battery to determine the adequacy of items for exploratory factor analysis. According to Kaiser (Kaiser, 1974) , values from 0.6 to <0.8 are mediocre or middling, whereas values from 0.8 to <0.9 are meritorious and 0.9 and above are marvelous. As the Note. Shaded items were retained for the short form.
FIGURE 1 Flowchart of statistical analysis strategy. CIUS: Compulsive Internet Use Scale; UIRT: unidimensional item response theory (add-on in Stata); IRT: item response theory; CFA: confirmatory factor analysis; RMSEA: root mean square error of approximation; CFI: comparative fit index; Zumbo: regression approach for differential item functioning analysis developed by Zumbo (1999) ; DIF: differential item functioning common Kaiser-Guttman criterion overestimates the number of factors, we applied Cattell's scree plot, parallel analysis, following Horn (1965) , and the minimum average partial test (Velicer, 1976) to determine unidimensionality. We then used latent confirmatory factor analysis (CFA) for ordinal variables using the weighted least squares means and variance adjusted estimator for testing the model fit of a onedimensional solution. The rule of thumb, also used in the present study, for model fit to the data: (a) comparative fit index (CFI) values close to 0.95 or higher indicate good fit (Hu & Bentler, 1999) , whereas values between 0.90 and 0.95 are considered acceptable (Brown, 2006) ; (b) for the root mean square error of approximation (RMSEA) values close to 0.06 or below are indicative of good fit (Hu & Bentler, 1999) , and values between 0.06 and 0.08 can be considered acceptable (Browne & Cudeck, 1993) .
| Item reduction
For item reduction, we used models based on ordinal item information, namely, CFA and graduated response models for IRT. Both models of the ordered polytomous item responses estimate a discrimination parameter and k-1 (k = number of response options) difficulty (threshold) parameters per item. A high discrimination parameter suggests an item that has a high ability to differentiate subjects. When discrimination is high, the item provides more information on the latent trait, and the information is concentrated around item difficul- The reduction of items was based on the following strategy.
First, items should have a high discriminative power. Second, there should be a low error correlation between items. Error correlation should be avoided (Hermida, 2015) , as it indicates that variable covariance is not only explained by the latent construct but may have some other exogenous common cause or, more often, be due to very similar wording, indicating redundancy (Brown, 2006) . Eliminating items with correlated errors also increases local independence -an assumption in IRT (Revicki, Chen, & Tucker, 2015) . Meerkerk (2007) could only get satisfactory fit of a unidimensional latent construct by letting errors of pairs of items correlate, namely, CUIS Items 1 and 2, 6 and 7, 8 and 9, 10 and 11, and 12 and 13. Other studies have also found high correlations between these item errors (Dhir et al., 2015; Dhir et al., 2016; Guertler et al., 2014) . Deleting one item from each of these five pairs was the strategy adopted by Cartierre et al. (2011) in a sample of students around 13 years old in France. However, they neither tested whether Merkeerk's redundancy Meerkerk (2007) applied to their sample nor gave any criterion for which item in each pair should be deleted.
In the present study, we tested for correlated errors by applying modification indices (MI) to the CFA using Mplus Version 8 (Muthén & Muthén, 1998) . As a default, Mplus identifies MI ≥ 10 as relevant.
Second, differential item functioning (DIF) analysis was used to delete the item in each pair with the greatest resulting DIF with regard to sex, linguistic region, and age. DIF refers to the instrument's bias to specific individual items, indicating when persons from different groups, but with the same instrument score, do not have the same expected score on that item (Shepard, Camilli, & Averill, 1981) . DIF analysis identifies items related to measurement invariance. For the measurement of ordinal items, invariance can be tested using multigroup CFA (MG-CFA) and IRT. Both MG-CFA and IRT showed reasonable power in the identification of DIF (Kim & Yoon, 2011) and resulted in similar detection of DIF (Stark, Chernyshenko, & Drasgow, 2006) .
| Test for DIF
There are several tests for DIF or item invariance.
A first approach using IRT defined one group as the focus group and the second as the reference group. Two nested models were compared via likelihood ratio (χ 2 tests). The first model (compact model) constrained discrimination and difficulty parameters to make them equal in both groups; the second model (augmented model) had unconstrained parameters. IRT models were estimated with Stata, and DIF tests were estimated using the unidimensional IRT (UIRT) add-on. UIRT provides effect size estimates following Wainer (1993) , whereby effect sizes >0.05 (Suh, 2016) We used effect sizes of 0.05 to <0.10 (small), 0.10 to <0.15 (medium), and ≥0.15 (large).
Second, Zumbo (1999) suggested using regression models, whereby the first model estimates the regression of the total test score on each single item, and the second model adds the grouping variable and its interaction with the total score. The original approach for interval scaled variables (Zumbo & Thomas, 1997 ) was expanded to ordinal variables using ordered logit regressions. Likelihoods of model fits can be tested via χ 2 tests; χ 2 tests are highly sensitive to large sample size, and thus, trivial discrepancy may lead to rejection of models (Chen, 2007) . Therefore, Zumbo (1999) suggested that when χ 2 tests were significant, differences in R 2 (i.e., ΔR 2 ) should be used as a measure of effect size. The pseudo-R 2 developed by McKelvey and Zavoina (1975) was used, as the best approximation of the concept of explained variance in multiple linear regression models (Laitila, 1993; Thomas, Zhu, Zumbo, & Dutta, 2008 
| Measurement invariance
The short form CIUS was tested for invariance in three steps using hierarchically nested models. First, the model for configural invariance (same number of factors) was estimated and used as the comparison model for metric (weak) invariance (same discrimination parameters across groups). The model for metric invariance was then used as the counterfactual model for scalar (strong) invariance, that is, for the same item difficulties across groups (Brown, 2006) . Differences between models were tested using χ 2 tests. To avoid high sensitivity to large sample sizes, when χ 2 tests were significant, we used differences between RMSEA (ΔRMSEA) and CFI (ΔCFI) as effect size measures. Significant χ 2 differences are assumed to be negligible if ΔRMSEA and ΔCFI < 0.01 (Elosua, 2011 
| Area under the receiver operating characteristic (ROC) curve and cutoffs
ROC curves to determine the cutoffs for the short form with the long form cutoffs as comparison were used. According to Hosmer and Lemeshow (2000) , an area under the ROC curve of >0.9 shows outstanding properties. Generally, sensitivities and specificities >0.9
are considered good and were used in the present study. There are little validation studies of a cutoff for CIUS. Recommendations for cutoffs go as low as 18-21 (e.g., Besser et al., 2017; Guertler et al., 2014) , which may be useful for case finding for further in-depth investigation or early interventions (low cutoff and high sensitivity). In general population studies, the aim commonly is on prevalence which may be overestimated with low cutoffs and are aimed at high specificity (Maraz, Kiraly, & Demetrovics, 2015) . We compared the short and full form using Meerkerk's (2007) (Youden, 1950) , which is basically the sum of sensitivity and specificity, was used to recommend a cutoff.
| RESULTS
The sample was a good representation of Switzerland's population, with more than two thirds being German-speaking (Table 2) . PIU showed a rapid decrease as respondents got older.
| Unidimensionality
The Kaiser-Meyer-Olkin value for the total learning sample was a marvelous 0.918, varying in subgroups between 0.869 (age 35+) and 0.925 (women). MSA for items in the total sample varied between a meritorious 0.861 and a marvelous 0.959. MSA values for items were >0.8 in all subgroups, and mostly >0.9, demonstrating the adequacy of items for exploratory factor analysis. Despite eigenvalues for a second factor being >1 (the biggest second eigenvalue was 1.34 among those age 35+), Catell's scree plots clearly showed a single factor for the total sample and in all subgroups by sex, linguistic region, and age.
Neither the parallel analysis (Horn, 1965) Item 12 was eventually retained, also because it was kept in the German-language short form (Besser et al., 2017 ) and the Cartierre et al. (2011) short form. Table 1 shows the retained items.
| Purification steps for item selection
The 10-item solution resulted in a good RMSEA of 0.051 and an excellent CFI of 0.983 in CFA, and its largest MI (39.19) was found for the error correlation between Items 3 and 9. We therefore tested for invariance using CFA, alternately excluding Items 3 and 9, and tested for DIF using IRT (Table 4) . Invariance testing with CFA showed that excluding Item 3 or 9 yielded similar results as regards sex (decreased RMSEA, decreased CFI, and significant χ 2 tests for DIF with IRT). The items also performed similarly for linguistic region (with increased RMSEA and decreased CFI for scalar invariance, and nonsignificant excluded increased RMSEA and decreased CFI by 0.023. DIF testing in IRT indicated highly significant DIF (LR = 47.97; p < 0.0001) and a very large effect size for Item 3, whereas DIF testing was highly nonsignificant (LR = 0.909, p = 0.9233) for Item 9. Furthermore, the discrimination parameter in IRT was lower for Item 3 (a = 1.48) than for Item 9 (a = 2.01). Thus, Item 3 was excluded.
As a final purification step, we rechecked for DIF in IRT and found that Item 10 had the poorest overall DIF of all the remaining items, that is, the second largest LR value for sex (behind Item 9) and region (behind Item 11), and the largest LR value for age. After excluding Item 10 (Table 5) , RMSEA for the total sample further decreased (from 0.048 to 0.045) and CFI increased (from 0.987 to 0.989). The short form scale was metric invariant for sex, region, and age as regards ΔRMSEA (criterion < 0.015) and ΔCFI (criterion < 0.01). Scalar invariance was also found, but not for linguistic region as regards ΔCFI (=0.013), which fell short of the strong criterion (ΔCFI < 0.01).
The eight-item short form's Cronbach's alpha was a good 0.829 (DeVellis, 2012) and correlated with the full CIUS form at r = 0.966.
| Area under the ROC curve
Compared with the full CIUS (Cutoff 28), cutoffs for the short form were generally between 12 and 14 (except for age, were a cutoff from 12 to 16 was found for the older age group), with both specificities and sensitivities for the total sample and subsamples being >0.9 (Table 6 ). Youden's index indicated a better fit with slightly lower sensitivity. Hence, we suggest a cutoff of 13.
| Validation sample
The eight-item solution revealed RMSEA of 0.036 and CFI of 0.995 (Table 7) in the validation sample. The scale was metric invariant for sex, region, and age as regards ΔRMSEA (criterion < 0.01) and ΔCFI (criterion < 0.01). Scalar invariance was found for region and age, and just fell short for sex (ΔRMSEA = 0.013; ΔCFI = 0.013), however, : difference chi-squared. The excluded item in the eight-item solution compared with the nine-item solution is Item 10 (cf., Table 1 ).
even the scalar invariant model for sex had an excellent fit (RMSEA = 0.041, CFI = 0.982). The area under the ROC curve again indicated outstanding accuracy (Hosmer & Lemeshow, 2000) , and sensitivities and specificities indicated a cutoff similar to the learning sample (area = 0.989, sensitivity = 0.976, specificity = 0.950 for a cutoff of 13). Cronbach's alpha was.821 (good) and correlated with the full CIUS at r = 0.969.
| DISCUSSION
The present study suggests that a short form of CIUS could be used with no loss of accuracy in multitopic, general population surveys.
The eight-item form was constructed with a view to (a) avoiding redundant items (correlated errors) and (b) being invariant with regard to sex, linguistic region, and age. The scale can be assumed to be scalar invariant (borderline for sex in the validation sample; ΔRMSEA = 0.013; ΔCFI = 0.013). The unidimensional short form showed good internal consistency (Cronbach's α > 0.8 in both the learning and validation samples). The psychometric properties were in line with validations for the full scale in different countries (Dhir et al., 2015; Dhir et al., 2016) and with the seven-item and five-item short forms in German (Besser et al., 2017) .
To the best of our knowledge, there have been only two previous suggestions for a short form CIUS: one in France (Cartierre et al., 2011) and one in Germany (Besser et al., 2017) One limitation of the present study is that the short form could not be validated against a gold standard diagnosis, but only against the full 14-item form. Nevertheless, the CIUS is widely used in many different countries and has proved useful in many studies (see, e.g., overviews in Dhir et al., 2016; Guertler et al., 2014) . Correlation with the full CIUS was >0.96 in both the learning and validation samples.
Hence, at the very least, we can conclude that if the full CIUS is a valid form, then the short form presented here is too. The high correlation with the full form is probably mainly due to the elimination of redundant items. The item-pair error correlations in the present study have been shown in many others (see, e.g., overviews in Dhir et al., 2015; Dhir et al., 2016) , indicating that they are a general problem of the CIUS. In conclusion, the CIUS short form is a highly reliable instrument, which is invariant across sex, linguistic region, and age. It provides a reasonable alternative to the full CIUS form when questionnaire space is limited. A next steps would be to compare this scale with similar short scales like the Internet Gaming Disorder Scale-SF9 (Pontes & Griffiths, 2015) , which is on gaming only, or the eightitem of the Internet Addiction Diagnostic Questionnaire (Young, 1998 (Pies, 2009 ). The lack of chemically operating tolerance is one of the major arguments of some researchers not to accept PIU as a "real" disorder, because it lacks criteria related to physical dependence (see also Griffiths et al., 2016) . 
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